INTRODUCTION
Since the report of Pavlov (1902) in the early 1900s, the adaptation of the exocrine pancreas to the type of food available in various species, including the rat (Grossman et al., 1942; Reboud et al., 1962; Gidez,cretion (Ben Abdeljlil et al., 1963; Ben Abdeljlil & Desnuelle, 1964) of the major digestive enzymes changes in proportion to the dietary content of their respective substrates protein, carbohydrates and fat (Grossman et al., 1942; 1943; Reboud et al., 1962; Gidez, 1973) .
A general point about enzyme adaptation to the diet is that the changes are rapid and becoming complete within a week (Ben Abdeljlil et al., 1963; Bucko & Kopec, 1968; Deschodt-Lanckman et al., 1971) and can be maintained for at least several weeks (Grossman et al., 1942; Desnuelle et al., 1962) . Raising levels of dietary fat lead to parallel increases in lipase activity in rat pancreas homogenates (Bucko et al., 1969; Deschodt-Lanckman et al., 1971; Rob-berecht et al., 1971; Snook, 1971; Bazin & Lavau, 1979; Sabb et al., 1986; Wicker & Puigserver, 1987) . The amount of dietary fat affects also amylase activity. Changes in amylase are the inverse of those in lipase: amylase activity declines as the amount of dietary fat increases Sabb et al., 1986; Wicker & Puigserver, 1987) .
In fact, the phenomenon of rapid adaptation to dietary composition has been demonstrated to exist only in rats. In dog, there are very few studies about changes in enzyme secretory capacities after altering diet composition or about a rapid adaptation of the exocrine pancreas to the diet. For this reason, we have examined this phenomenon using conscious dogs in nearly physiological conditions.
In the present work we have studied the rapid adaptation of exocrine pancreatic secretion in the dog to two different diets, one rich in fat and the other rich in carbohydrates. The effects of these two diets were analyzed in terms of pancreatic response to food and enzyme content (lipase, amylase) in the pancreatic juice secreted at rest and after feeding.
MATERIAL AND METHODS

Animals.
The subjects were adult mongrel dogs with an average weight of 26.5 kg. All dogs were housed in individual cages with free access to water. Feeding took place once daily with a measured volume (1 kg) and between 09.30 and 12.00 hours to adapt the animal to the experimental regimen and avoid conditioning to a specific feeding time.
Surgical preparation. After a 20 h fast with free access to water, the animals were anaesthetized with 30 mg/kg of sodium thiopental (Tiobarbital; Miró, S.A., Jaen, Spain). Intubation was performed under direct laryngoscopic vision using a Rush-type pressure-cap tube. During surgery the animals were connected to a Boyle-type open respiratory system (Medishield; B.O.C., London) using a mixture of oxygen and nitrous oxide bubbled through a halothane solution (Ethrane; Abbot Laboratories S.A., Madrid, Spain) .
After medial laparotomy, the main pancreatic duct was cannulated according to the technique of White and Murat (1967) , using a silastic cannula with a rigid PVC tip. Near the drainage of the main pancreatic duct, a T cannula was implanted in the duodenum and fixed to the intestinal wall with purse-string sutures. Both cannulas were exteriorized through the right abdominal wall. The experiments began 1 week after surgery.
Diets. Two diets were used, a rich carbohydrate diet (CR) prepared with 30 % of bovine meat and 70 % of rice, and a fat rich diet (FR) prepared with 40 % of bovine meat, 40 % of rice and 20 % of lard. Table  1 summarizes the composition of the two cooked diets.
Time course of the experiments. After 8 days of adaptation to the experimental diet the experiments were started. The animals were deprived of food but not water for 20 h before starting the experiments. After collecting two 60 min samples of pancreatic juice, the dogs were fed with the same experimental diets -CR or FR -and pancreatic secretion were sampled hourly for the next 5 h. All samples were collected into PVC bags.
Flow rates were determined gravimetrically with density considered equal to 1 (Hoffman, 1963) . A portion of each sample was frozen at -20 ºC for subsequent analysis. The remaining fluid was recirculated into the duodenum to avoid possible interferences.
Analytical methods. Amylase activity was measured by hydrolysis of the starch substrate and determination of the amount of maltose released, in accordance with the technique described by Noelting and Bernfield (1948) , as modified by Hickson (1970) . The results were expressed in units of activity as defined by the latter.
Total protein was determined by absorption at 200 nm and expressed in terms of L-tyrosine standard (Debas & Yasmagishi, 1978) .
Lipolytic activity was measured by hydrolysis of the B-naphtol myristate and determination of the amount of B-naphtol released in accordance with the technique described by Seligman and Kramer (1965) .
Statistical treatment. The results were expressed as mean ± SEM. Statistical significance was evaluated by application of the Student's t-test (t-test procedure SPSS/PC). Regression analysis was performed using regression procedure SPSS/PC. P values lower than 0.05 were considered as significant.
RESULTS
Basal resting secretion. The pancreatic flow rate was similar in both experimental groups, slightly but not significantly higher in dogs fed on FR-diet ( Fig. 1 ). Protein content, amylase and lipase activity and amylase and lipase secretion in the juice secreted by both groups of animals were also similar, with both diets (Figs. 2, 3, 4) .
Response to food. Overall flow secretion was similar between groups during the entire period of study but the two groups responded differently to the presence of food in the digestive tract (Fig. 1) . In CR-group there was a significant increase in the volume of pancreatic juice secretion during the first 2 h after food intake. In FR-group the flow of pancreatic secretion increased significantly at 1, 2, 4 and 5 postprandial h. Protein content in the pancreatic juice showed significant changes after food intake. There is a significant negative correlation between pancreatic flow and protein concentration in both groups ( r = -0.5168 P< 0.001 and r = -0.4516 P< 0.01 in CR and FR respectively). Protein output followed a very similar pattern as pancreatic flow. Food intake led to a increase at 1 and 2 h and 1, 2, and 4 postprandial h in CR-group and FR respectively (Fig. 2b) . On the other hand, neither of the two variables differed significantly when the two groups were compared (Fig. 2) .
Amylase activity in the pancreatic juice showed a decrease in response to food throughout the entire period of study. This decrease became significant at 2, 3, 4 and 5 postprandial h in CR-group and at 5 h in FR-group (Fig. 3a) . No significant difference between the two groups was found in postprandial amylase activity. Amylase output rose after feeding and remained significantly elevated at the first 2 postprandial hours, following the same pattern as flow, in CR-group (Fig. 3b) . In FR-group, the amylase secretion increased significantly the first two h after feeding as the flow did, but the values during the late postprandial hours are similar to that of resting condition, in spite of the flow being significantly high (Fig. 3b) . In this case, the amylase output did not follow the flow pattern.
Lipase activity showed no significant change in response to food in either of the experimental group although in both cases there was a slight decrease in the postprandial period. This variable did not differ significantly when the two groups were compared (Fig. 4a) . Lipase output rose significantly in CR-group but only during the first postprandial h, so it did not follow the flow pattern (Fig. 4b) . In FR-group, lipase output increased in response to food intake, the changes were significant in the 1, 2, 4 and 5 postprandial h. Lipase production were significantly lower in CR-group than in FR-group during the same period (Fig. 4b) .
DISCUSSION
Resting condition. Under resting conditions and after a period of adaptation to the diet of 8 days, mean pancreatic juice flow, in both groups was similar to that recorded previously (Madrid et al., 1985; Huertas et al., 1991; 1993) in dogs under identical experimental conditions, fed on a commercial dog chow ranging in fat content from 30 to 70 g/kg and also was similar to that recorded by Ballesta et al., (1990) in dogs adapted during 8 months to diets in which the fat source were sunflower oil and olive oil (160-170 g/kg) respectively. This suggests that the volume of pancreatic juice secreted in absence of stimuli is unaffected by the amount or by the degree of unsaturation of the dietary fat.
Mean values of protein content, protein secretion, amylase activity and amylase output, for the two dietary groups were similar to those of Madrid et al. (1985) and Huertas et al. (1987) in dogs fed a standard diet with a normal amount of fat (7%). The lack of differences in amylase and lipase activity and production, and protein content noticed in the present study, suggests that the period of adaptation to the experimental diets, did not produce any kind of influence upon these parameters in resting conditions.
The phenomenon of adaptation of the exocrine pancreas to the amount of dietary fat has been demonstrated only in rats. In dogs and under our experimental conditions, there is no such a rapid adaptation of the pancreatic secretion to the fat content of the diet.
Response to food. Qualitative and quantitative differences between CR-and FR-groups were seen in pancreatic response to the two diets studied.
Although no significant difference between the two dietary groups was found in postprandial volume of pancreatic juice, the two groups responded differently to food intake.
In CR-group, secretory response to food showed a pattern similar to those described by Madrid et al. (1985) and Huertas et al. (1987) in dogs fed a standard diet. However, in FR-group the peak of pancreatic juice flow is lower but remained elevated until the end of the 5 th h. The difference may be attributed to the delayed gastric emptying produced when animals were fed with a high fat diet.
The enzyme content in pancreatic juice secreted in response to food showed a similar trend in both experimental groups. We did not find significant dif-ferences between the two groups in postprandial amylase and lipase activity. Finally, amylase secretion was similar in both groups meanwhile lipase output was significantly higher in FR-group but only during the 5 postprandial h.
Taken together, our findings show that it does not exist a rapid adaptation of pancreatic enzymes to the diet in our experimental conditions. This does not exclude that the phenomenon of adaptation may exist in this species under long-term adaptation periods to the diet as demonstrated previously (Ballesta et al., 1990) .
The higher secretion of lipase found during the 5 postprandial hour in the animals fed a high-fat diet, may be due to some intestinal factor stimulated by the hydrolysis products of fat.
The only gastrointestinal hormone known for certain to be released by intraluminal fatty acids is gastrointestinal peptide (GIP) (Walsh 1978) . Although if GIP is released by many substances, fat produces a large and sustained release of this hormone in dogs and humans (Walsh, 1978) . GIP increases pancreatic lipase content in rats when administered chronically (Grossman et al., 1943) . Thus it is a candidate for the role of mediator of the effect of fat on pancreatic lipase.
On the other hand, raising the amount of dietary fat also modifies plasma levels of secretin and cholecystokinin (Modlin et al., 1979; Yamagishi & Debas, 1980) . We believe that the changes in the level of these hormones (enterogastrones) in response to the increase in dietary fat may be related to the different pattern of secretory flow rate found in both groups after food intake.
Finally, our results about the absence of rapid adaptation are in agreement with those reported by Keim (1986) working with an experimental model that allows the measurement of basal and stimulated pancreatic secretion in conscious rats.
Besides, most of the experiments that have demonstrated adaptation of the exocrine pancreas to the diet, have mainly been done in anaesthetized animal (LaBella et al., 1981; Tseng et al., 1982) in perfused organs or in vitro preparations of the gland (Rothman, 1967 (Rothman, , 1976 Adelson & Rothman, 1975; Palade, 1975; Rothman & Wilking, 1978; Dagorn, 1979) whereas experiments in conscious animals, under nearly physiological conditions, are scarce.
